The phenomenon of afferent impulses from the muscle spindle occurring with the same frequency as repetitive stimulation of fusimotor fibers (driving) was first described by KUFFLER et al.(1951) . Since the fusimotor fibers were sub-divided into static and dynamic ones (MATTHEWS, 1962) , the driving effect has been ascribed to activity of the static fusimotor fibers in cats and in rabbits (BESSOU and LAPORTE, 1962; CROWE and MATTHEWS, 1964; BROWN et al., 1965; APPELBERG et al., 1966; EMONET-DENAND et al., 1966; BESSOU et al., 1968 b; LENNERSTRAND and THODEN, 1968; EMONET-DENAND and LAPORTE, 1969) . But it has been also pointed out by some of the above authors that not all the static fibers produce driving (CROWE and MATTHEWS, 1964; BROWN et al., 1965; BESSOU et al., 1968 b; LENNERSTRAND and THODEN, 1968) .
It is known that the muscle spindle responds to considerably faster rates of muscle vibration and requires less amplitude of vibration in the presence of increased fusimotor activity than in the de-efferented state (GRANIT and HENATSCH, 1956) and that stimulation of fusimotor fibers sensitizes the primary ending to vibration, permitting it to discharge at the same frequency as the vibration (CROWE and MATTHEWS, 1964; BROWN et al., 1967) . HOMMA et al.(1972) reported that for obtaining the driving of the primary ending muscle vibration is more effective than ventral root stimulation.
It is the main purpose of the present report to investigate the sensitivity of the primary ending to sinusoidal muscular stretch in the presence of fusimotor stimulation with identification of the types of stimulated fusimotor fibers as either producing the driving or not. spindle were recorded from a thin dorsal root filament. Afferents from muscle spindles were distinguished from those from Golgi tendon organs in that the former showed a discharge pause during a contraction of the muscle elicited by stimulation of its motor nerve (MATTHEWS, 1933) . The secondary endings were distinguished from the primary ones in the conduction velocities of afferent fibers (HUNT, 1954) and sensitivities to muscle vibration (BROWN et al., 1967) . The ventral roots were also split into fine filaments. Filaments, which had an excitatory action on the ending in question, were sub-divided until the fusimotor fiber responsible was isolated. To stimulation of the muscle nerve the action potential from the fusimotor fiber behaved in an all or none manner and its mean conduction velocity was 37m/ sec. At first, a fusimotor fiber was electrically stimulated for 10sec at various frequencies for various muscle lengths. Then, vibratory stimulation of 70Hz and 1sec duration was applied ten times to the muscle once every 2sec, while concurrent electric stimulation of 100Hz was continuously applied to the split fusimotor fiber.
METHODS
Spindle afferent discharges, stimulus pulses applied to the fusimotor fibers and sinusoidal waves for muscle vibration were recorded simultaneously and stored in a magnetic data recorder (Model 351-F, TEAC, Tokyo). The spindle afferent discharges were later analysed by a biological mini-computer (ATAC 501-20, Nihon Kohden, Japan). Non-sequential inter-spike interval histograms and crosscorrelograms between the afferent discharges and pulses of the fusimotor stimulation were compiled. Cross-correlograms of spike discharges with the peak extension of muscle yielded by vibration were made with an analysis time of 20.58 msec. The computed results were either displayed on a strip chart recorder or digitally punched out on paper tape, which was again used for further statistical analysis with another mini-computer (HITAC 10-11, Hitachi, Japan).
RESULTS
In twelve experiments, thirteen spindle afferents from the primary endings were identified in the dorsal root filaments and fifteen fusimotor fibers in the ventral root filaments. There were two spindles, each of which was innervated by two fusimotor fibers.
In the present experiment the isolated fusimotor fibers were identified as static with the procedure shown in Fig. 1 muscle. This mode of action of fusimotor stimulation is taken as evidence that the stimulated fusimotor fiber is of the static type (CROWE and MATTHEWS, 1964) . Muscle lengths were all measured in relation to the maximum physiological length of the muscle body determined at the fully dorsi-fiexed position of the ankle. The latter will be referred to as Lmax. Other muscle lengths were expressed as Lm-10, Lm-5 and so on. Lm-10 means the muscle length of Lmax minus 10mm. Ordinates of inter-spike interval histograms (column A) are counts of inter-spike intervals relative to their total counts of observations. Ordinates of cross-correlograms (column B) are counts of backward recurrence times relative to their total counts of observations and this normalization is made for each group of recurrence times separately. These ordinates are referred to as probability density. The same convention applies to inter-spike interval histograms and cross-correlograms in all the subsequent figures. The effects of stimulation of other type of fusimotor fiber on the primary endings are exemplified by the record in Fig. 3 .
These S.D.s mean S.D.s of the probability distribution around each peak. The amplitude of vibration was increased up to 30pm. Labels A to H are used in the same sense as in Fig. 4 BESSOU et al.(1968b) reported that 'driving' was very commonly produced by repetitive stimulation of static fusimotor fibers which gave large responses after single stimuli. What is common in the above studies is that static fusimotor fibers which produce 'driving' possibly innervate nuclear chain fibers. However, the reason why some of static fusimotor fibers can not 'drive' the primary endings has remained unclear.
Recently BESSOU and PAGES (1972) succeeded in recording membrane potential changes from the intrafusal muscle fibers intracellularly. They found that onethird of the responses to static-fusimotor stimulation were propagated action potentials while others remained as junction potentials which were summated or facilitated during repetitive stimulation and in some instances they resulted in propagated action potentials. Action potentials and junction potentials are likely to result in twitch and local contraction, respectively. As far as the effects upon intrafusal muscle fibers are concerned, repetition of twitch caused by high frequency stimulation of static fusimotor fibers may be the same as externally applied muscle vibration which is very effective in driving the primary ending. Therefore, it seems that the driving effect of fusimotor stimulation is due to action potential production of intrafusal muscle fibers, probably of nuclear chain fibers. On the other hand, the state of intrafusal muscle fibers suffering from local contraction due to summated junction potentials may be the same as established by continuous stretch of muscle. In the latter state there is no driving of the primary ending. It is assumed that if fusimotor fibers are able to produce only junctional potentials, not action potentials, they may be categorized as the non-driving type.
In the present experiment, it was found that in the presence of fusimotor stimulation, the primary endings showed different sensitivities to vibratory stimulation according to whether the fusimotor fibers innervating them were of 'driving' type or not. This was especially true when the amplitude of vibration was set so small as not to excite the primary endings by itself.
It was suggested by recent investigation that intrafusal fibers of rapid contraction time might change their length during the course of sinusoidal movement and absorb much of applied deformation and thus prevent its transmission to afferent terminals (GooDwIN and MATTHEWS, 1971) . The sensitivity of the primary endings to small amplitude stretch largely depends on the contraction speed of intrafusal muscle fibers (MATTHEWS, 1972) . If the above suggestion is correct, differences in sensitivity of the primary endings to small amplitude vibration during stimulation of static fusimotor fibers would be attributed to the differences in the contraction speed of intrafusal fibers they innervate. As to the contraction speed of intrafusal fibers, it has already been shown that nuclear chain fibers contract more rapidly than nuclear bag fibers (BOYD, 1966a, b; DIETE-SPIFF, 1966; SMITH, 1966) . Rise times of contraction in nuclear chain and nuclear bag fibers have been found to range within from 5 to 10 and from 15 to 25msec, respectively (BESSOU et al., 1968a, b) . 100Hz which was routinely used for stimulation of the static fusimotor fibers is below the fusion frequency for chain fibers and beyond it for bag fibers. Therefore, chain fibers are supposed to repeat twitch contraction even at the frequency of 100Hz. As the time course of chain fiber contraction seems to be faster and that of bag fiber contraction seems to be slower than 70Hz sinusoidal movement, it may be supposed that in the presence ,of fusimotor stimulation, the primary endings located on chain fibers would become less sensitive to vibratory stimulation than those located on bag fibers.
Therefore, it is suggested that afferent discharges easily driven by fusimotor stimulation of static type is generated by the primary endings located on nuclear chain fibers and those not easily driven by the primary ending are located on nuclear bag fibers.
The above assumption naturally leads to the non-selective innervation of static fusimotor fibers. In regard to the innervation of static fusimotor fibers, it has been reported that terminals of static fusimotor fibers were distributed either in bag fibers or in chain fibers and frequently in both, by direct observations (BOYD, 1971a, b; BOYD et al., 1973) , by physiological and histological methods (BARKER et al., 1970 (BARKER et al., a, b, 1971 (BARKER et al., , 1972 , by glycogen depletion methods (BROWN and BUTLER, 1973) and by degeneration methods (BARKER et al., 1973) .
Nevertheless, since fusimotor stimulation not producing 'driving' resulted in a characteristic discharge pattern of static type during stretching and releasing phases of 3Hz vibration (Fig. 1) , there is no reason to assume that the contraction produced by stimulation of fusimotor fiber which could not drive the primary ending differed fundamentally from the contraction produced by the one which could drive the ending. Passive elements of high compliance which were either interposed between the site of contraction and the sensory terminals or disposed in series between them would naturally distort the time course of contraction. If this is the case, the second possibility may be that the different effects on the primary endings would be due to a difference in location of efferent terminals on the same intrafusal muscle fibers, possibly nuclear chain fibers. Based upon the present results, the fusimotor fibers not giving the 'driving' effect seems to terminate relatively distant from the primary endings
The third possibility is that the difference of fusimotor fibers would result in the fact that two common fusimotor fibers innervate either each of a tandem spindle or two separate spindles that are mechanically very close.
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